1. Introduction {#s0005}
===============

Propolis is considered a natural source of antioxidants and it is presented as a resinous material collected from different plant parts and synthetized by bees ([@b0010]) with the aid of salivary enzymes. Propolis extracts present both antimicrobial and antioxidant activities, which makes them a potential ingredient for subsequent use by the pharmaceutical, cosmetic, and food industries ([@b0115]).

The native Brazilian plant *Baccharis dracunculifolia* is the main source of green propolis in Brazil ([@b0190]). This specific propolis has a particular phenolic composition which includes p-coumaric acid and artepillin C, contributing to its effective antioxidant capacity ([@b0165]). The concentration and composition of the propolis extract depend on the choice and effectiveness of extraction method used ([@b0015]). Processing parameters such as sample-to-solvent ratio, temperature, and extraction time have a significant effect on the diversity and concentration of compounds present in the final extract ([@b0035]).

Recent research has shown that the use of ultrasound-assisted extraction enables the extraction of a wide range of compounds at shorter reaction times with reduced use of organic solvents and use of lower temperatures, the latter leading to reduced energy consumption and being particularly important to avoid thermal degradation of some active compounds ([@b0030], [@b0050]).

Ultrasound assisted extraction enhancement is usually attributed to several mechanisms resulting from the acoustic cavitation phenomena (formation, growth, and implosion of bubbles). In general, enhanced reactivity is attributed to increased mass transfer due to particle size reduction, the latter being associated with the collapse of the cavitation bubbles ([@b0060], [@b0130], [@b0050]).

Because extraction conditions have a significant impact on extraction yields and product functionality, response surface methodology (RSM), a practical and important tool to identify the interaction of several processing parameters was used to reduce the number of experiments, allowing to calculate and evaluate the experimental error ([@b0155]). With the aid of response surface methodology, it is possible to verify the optimal point of extraction, where the responses, such as antioxidant capacity, are superior.

The antioxidant capacity of an extract may be evaluated through several in vitro methods ([@b0070], [@b0080]). However, there is a need to represent its function in cellular systems, for example in eukaryotic microorganisms, such as *Saccharomyces cerevisiae* ([@b0175]).

The objective of this work was to develop a process for antioxidant recovering from green propolis using ultrasound-assisted extraction, to evaluate the antioxidant capacity of extract obtained under optimum conditions in oil-in-water emulsion under accelerated conditions, and to evaluate the toxicity of the extract in yeast cells. This research may improve the process of obtaining bioactive compounds from green propolis through the use of ultrasound, indicating for better alternatives to the use of synthetic antioxidants.

2. Materials and methods {#s0010}
========================

2.1. Chemicals and reagents {#s0015}
---------------------------

Folin--Ciocalteau reagent, *p*-coumaric acid, AAPH (2,2′-azobis (2-amidinopropane)), butylhydroxyanisole (BHA), butylhydroxytoluene (BHT), terc-butylhydroquinone (TBHQ), cumene hydroperoxide, propidium iodide (PI), phosphate buffered solution, ABTS (2.2′-azinobis-(3-ethylbenzothiazoline-6-acid)), fluorescein and Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) were obtained from Sigma--Aldrich Chemical Co. (St. Louis, MO, USA). Artepillin C (3,5-diprenyl-4-hydroxycinnamic acid) was obtained from Wako (Osaka, Japan). The refined soybean oil was purchased at a local market. Other reagents were p.a grade.

2.2. Green propolis {#s0020}
-------------------

Raw green propolis sample were kindly provided by Natucentro Indústria e Apiários Centro Oeste Ltda. (19° 59′ 46′'S, 45° 48′ 38′' W) (Bambuí, Minas Gerais, Brazil). Propolis samples were collected over a period of one year (2016), obtained from five beehives, they were pooled, comminuted with aid of liquid nitrogen until homogenized, then they were packed in dark low-density polyethylene bags (identified by the month of collection) and stored at −18 °C until used. In this study sample collected during spring season was used.

2.3. Experimental design and statistical analyses {#s0025}
-------------------------------------------------

Extractions were performed in a 28 W/L ultrasonic bath USC-14000 (Sppencer, Indaiatuba, Brazil) and experimental parameters were determined following two sequential central composite rotatable designs (CCRD), including 4 central points each one. The factorial designs were developed sequentially in order to get as close as possible to an optimal region with the least amount of sample and extraction time. The independent variables in first design were extraction time (5--45 min) (x~1~) and solids-to-solvent ratio (1:10 -- 1:30 (w/v)) (x~2~) with the ethanol concentration in hydroalcoholic extracting solution maintained at 65%. The second experimental design was planned according to the results obtained in the first one and the variables evaluated were ethanol/distillated water concentration in extracting solution (0--99% ethanol, v/v) (x~1~) and solids-to-solvent ratio (1:20--1:50 (w/v)) (x~2~), keeping the time constant in 20 min. In order to minimize the extraction errors, sample-to-solvent ratio for both designs were adjusted to a total volume of 30 mL, therefore, it was possible to guarantee that all samples have the same contact surface for ultrasonic waves to break cell walls and release phenolic compounds from green propolis. The temperature of extraction process was maintained at 25 °C. The dependent variables obtained for these designs were total phenolic content (TPC) and antioxidant capacity.

After each extraction run, samples were centrifuged at 4695 g for 15 min in a refrigerated centrifuge model CF16RN (Hitachi KOKI, Tokyo, Japan) kept at 25 °C, and subsequently filtered using a Whatman n. 2 filter paper. The extracts was evaporated in rotary evaporator model R-215 (Buchi Labortechnik AG, Flawil, Switzerland) at 45 °C and then they were stored under refrigeration at 7 °C in amber flasks until analysis.

For statistical analysis, the responses were firstly submitted to one-way ANOVA, evaluated in relation to the coefficient of determination (R^2^) and F-value at 95% of probability, using the software Statistica 12.0 (Statsoft, USA). The effects analysis was performed, and terms considered not significant at the 5% probability level were eliminated from the model and incorporated into the residue. The regions of interest of the response surfaces generated were studied, in order to determine the optimal process condition.

2.4. Total phenolic content (TPC) and in vitro antioxidant capacity {#s0030}
-------------------------------------------------------------------

### 2.4.1. Determination of total phenolic content (TPC) {#s0035}

TPC of the green propolis extracts was determined according to the Folin-Ciocalteau spectrophotometric method, described by [@b0170]. An aliquot of 0.5 mL of the hydroalcoholic extract and 2.5 mL of the *Folin-Ciocalteau*: water solution (1:10 v/v) were transferred to a test tube. The mixture was vortexed and after five minutes at room temperature 2.0 mL of the sodium carbonate (p.a grade) 4% (m/v) solution were added. Then, the mixture was agitated again and kept at rest for 120 min in the dark and room temperature. Absorbance was read at 740 nm using a spectrophotometer UV mini-1240 (Shimadzu, Kyoto, Japan). The results were calculated using a standard curve of gallic acid (p.a grade) with known concentrations (5--60 μg mL**^−1^**), and expressed as mg of gallic acid equivalent (GAE).g^−1^ of green propolis. Measurements were performed in triplicate.

### 2.4.2. ABTS radical scavenging capacity {#s0040}

The ABTS \[2.2′-azinobis-(3-ethylbenzothiazoline-6-acid)\] assay was performed according to the method described by [@b0150]. The ABTS radical was diluted with ethanol of analytical grade until reaching an absorptivity value of 0.70 ± 0.02 at 734 nm. The dilutions were prepared with the extracts, and an aliquot of 30 mL from each extract dilution was transferred to test tubes with 3.0 mL of the ABTS radical. Absorbance was determined at 734 nm using a spectrophotometer UV mini-1240 (Shimadzu, Kyoto, Japan) after 6 min of reaction. All tests were run in triplicate and the average value was calculated. Trolox was used as a standard and the curve was generated at known concentrations (250--1000 µg mL**^−1^**). The results were expressed as μmol TEAC.g^−1^ of sample.

### 2.4.3. Antioxidant capacity by ORAC method {#s0045}

The antioxidant capacity was determined according to [@b0055], through thermodecomposition of AAPH (2,2′-azobis (2-amidinopropane) radical using Spectramax M3 microplates (Molecular Devices, Sunnyvale, United States). The reagents were diluted in 75 mM potassium phosphate buffer, pH 7.4. For the analysis, 30 μL extract/standard/blank plus 60 μL fluorescein 4.066 mM and 110 μL of AAPH 76 mm were added in a microplate. The fluorescence signal was monitored every minute during 2 h at 485 ± 20 nm of excitation and 528 ± 20 nm of emission until the total decay of fluorescence. Trolox was used as standard control at concentrations of 12.5--400 μM and the results were calculated according to the difference between the area under the fluorescence decay curve in the presence of the sample (AUC antioxidant) and in its absence (AUC blank). The results were expressed in μmol TEAC.g^−1^ sample and measurements were performed in triplicate.

2.5. Identification and quantification of phenolic compounds {#s0050}
------------------------------------------------------------

Compounds identification was performed according to [@b0185] on a high-performance liquid chromatography system (Prominence, Shimadzu, Japan) coupled with a quadruple time of flight (MicroTOF-QII, Bruker Daltonics, USA) with an electrospray ionization (ESI) source. Separation was achieved on a Luna C18 (2) column (250 × 3 mm, 5 μm, Phenomenex). 10 μL aliquot were filtered through a 0.22 μm filter (Millipore). The mobile phase consisted of 0.1% aqueous acetic acid (v/v) (A) and methanol (B). The gradient program was applied as follows: 0--90 min at 30--70% B; 90--100 min at 90% B; 100--107 min at 90--30% B; and 107--120 min at 30% B. The outlet of HPLC was split (1:10) and introduced into the ESI source at 4--62 min and into waste at 0--4 min and 62--70 min. The flow rate was 0.5 mL/min and the column was operated at 40 °C. The electrospray source was operated in negative mode at 3000 V. Other parameters used: nebulizer gas (nitrogen): 35 psi; drying gas (nitrogen): 6 L/min at 220 °C. For quantification of selected compounds the analysis was performed according to [@b0005], injecting 10 μL of the extract in a chromatograph LC 10 (Shimadzu, Kyoto, Japan) coupled to a photodiode array (PDA) SPD-M10AVp (Shimadzu, Kyoto, Japan) and detector UV--Vis SPD-20AV (Shimadzu, Kyoto, Japan). The analytical column used was a Varian C-18 RP (250 mm × 4.6 mm, 5 μm) with temperature maintained at 30 °C. The mobile phase used was water:acetic acid (1:19 v/v) as solvent A and methanol as solvent B with elution in gradient mode. The gradient started with 30% until 40% of B in 15 min up to 50% of B in 30 min, 60% of B in 45 min, 75% of B in 65 min, 75% of B in 85 min, 90% of B in 95 min and 30% of B in 105 min. The chromatograms were processed using the Class-VP software. Authentic standards of p-coumaric acid and 3,5-diprenyl-4-hydroxycinnamic acid (artepillin C) were used for quantification in ultraviolet at wavelengths between 300 and 310 nm.

2.6. Lipid emulsion oxidation essay {#s0055}
-----------------------------------

The ability of the propolis extract to retard lipid oxidation in oil-in-water lipid emulsions was evaluated and compared with synthetic antioxidants. The method for emulsions preparation was adopted according to [@b0105]. Oil-in-water emulsions were prepared by adding 200 g of refined, bleached, deodorized soybean oil, 180 g of distilled water, and 20 g of Polysorbate 20 (Tween 20) in a beaker. The mixture was mixed in a Turrax sample homogenizer T25 basic (Ika, Staufen, Germany) for 1 min at 18000 rpm.

Propolis extracts (100 mg.kg^−1^, based on the phenolic content) were added to the emulsions and compared with synthetic antioxidants (Butylhydroxyanisole (BHA), Butylhydroxytoluene (BHT) and Terc-butylhydroquinone (TBHQ), also added at 100 mg.kg^−1^. To each antioxidant, it was realized triplicate aliquots of emulsions distributed in 10 mL glass test tubes and stored in an oven 315 SE (FANEM, São Paulo, Brazil) at constant temperature of 40 °C. The samples were collected to analysis after each storage period (0, 3, 6, and 9 days). The evaluation of the oxidation degree of the emulsion was carried out by hydroperoxide content, according to the procedures of [@b0020] with some modifications. Oil sample fractions (300 µL) were mixed with 1.50 mL of isooctane/2-propanol solution (3:1, v/v), which resulted in a final volume of 1.80 mL. The mixture was vortexed and. 25 µL of the mixture were added to a solution of methanol/1-butanol (2:1, v/v). An indicator thiocyanate/ferrous solution was prepared by mixing 500 µL of 3.94 M thiocyanate solution with 500 µL of 0.072 M Fe^2+^ solution. The thiocyanate/ferrous solution (30 µL) was added to the methanol/1-butanol mixture, vortexed and incubated at room temperature for 20 min. Samples absorbance values were registered at 510 nm using a spectrophotometer UV mini-1240 (Shimadzu, Kyoto, Japan). Hydroperoxide content was determined by a standard curve with known concentrations of cumene hydroperoxide. The results were expressed as mg cumene hydroperoxide equivalent.kg^−1^ oil. Analysis of variance (ANOVA) was performed using the SAS 9.3 application and, when applicable, the data were compared by Tukey test at significantly different at *p* ≤ 0.5.

2.7. Interaction of the extracts with yeast cells {#s0060}
-------------------------------------------------

In vivo antioxidant capacity methodologies are an important tool to provide information about the action and effect of antioxidants ([@b0180]), producing results that may be complementary to in vitro methodologies. With the use of yeasts, it is possible to verify cell viability in the presence of bioactive compounds and if this compound produces some toxicity to cells. To procedure the in vivo study, 300 mL of green propolis extract were prepared according to the optimal conditions and then it was dried (-55 °C and 200--300 mmHg) in Lyophilizer L108 (Liotop, São Carlos, Brazil). The *Saccharomyces cerevisiae* strain BY4742 (Wild Type) was used, according to the procedure proposed by [@b0065]. For the isolation and the cultivability essays, the strain was kept on yeast extract-peptone-dextrose (YPD). While for the culture preparation the YPD was used without agar. After that, the culture was stored at −18 °C and sub-cultured once per month. All the dilutions were done in phosphate buffered solution (Sigma--Aldrich Chemical *Co. (St. Louis, MO, USA).* Subcultures of yeast were performed by placing one isolated colony in 250 mL conical flasks containing 100 mL of YPD medium. Flasks were placed in a rotary shaker Excella E24 (New Brunswick Scientific TM, Edison, USA) at 250 rpm, 25 °C for 48 h. Cultures were performed by transferring 1 mL of subcultures into a flask containing 100 mL of fresh YPD medium and cells were grown at 25 °C during 24 h in a rotary shaker at 250 rpm. At harvest, cell density was 108 cell/mL. Cell suspension (20 mL) was centrifuged in shaker model 5810R for 5 min at 2800 g and 25 °C (Eppendorf, Hamburg, Germany). Cell pellet was washed twice and after that the optical density (OD) was adjusted in 0.5 at 600 nm using a GeneQuant 1300 spectrophotometer (GE Healthcare®, Little Chalfont, United Kingdom) in phosphate buffered solution (PBS).

### 2.7.1. Plasma membrane integrity. {#s0065}

Yeast cells with OD 0.5 (after the pre-culture) were exposed to four different green propolis dried extract concentrations (0, 50, 100, and 200 mg.kg^−1^) for 4 h. After the exposure period, cells were centrifuged for 10 min at 5000 g and 25 °C, washed twice with PBS and then marked with propidium iodide (PI) to present at 2 µg/mL final concentration. Antioxidant effects of green propolis extracts were evaluated after the oxidative treatment with *tert*-butyl hydroperoxide (*t*-BOOH). Yeast cells were exposed to 18 mM of *t*-BOOH for 24 h. Then the cells were centrifuged for 10 min at 5.000 × *g* and 25 °C and washed twice with PBS and then marked with propidium iodide (PI). Flow cytometry was performed in FACSAria™ II flow cytometer (BD Biosciences, San Jose, USA), with excitation/emission set at 493/636 nm to indicate the number of cells with cytoplasmic membrane lesion. The control experiment was performed the cell solution (OD 0.5) marked with PI, without the addition of the propolis extract. The results were expressed in percentage of cells with intact membrane.

3. Results and discussion {#s0070}
=========================

3.1. Extraction process {#s0075}
-----------------------

The results of the parameters of extraction according to the first factorial design are shown in [Table 1](#t0005){ref-type="table"}. TPC in green propolis extracts ranged from 316.4 to 533.9 mg GAE.g^−1^, demonstrating that the extraction yields of conditions evaluated were in accordance with the Brazilian legislation, which requires a minimum of 5% (w/w) of phenolic compounds in commercial propolis extracts ([@b0025]).Table 1Real values of the independent variables and observed responses to the first factorial design.Independent variables (real values)ResponsesRun[a](#tblfn1){ref-type="table-fn"}Extraction time (min)Propolis-to-solvent ratio (w/v)[\*](#tblfn4){ref-type="table-fn"}Y~TPC~ (mg GAE.g^−1^)[b](#tblfn2){ref-type="table-fn"}Y~TAA~ (µmol TEAC.g^−1^)[c](#tblfn3){ref-type="table-fn"}1111:13334.2 ± 13.22452.0 ± 7.02391:13351.9 ± 15.63123.1 ± 12.23111:27405.3 ± 17.73077.6 ± 12.54391:27481.8 ± 17.53326.4 ± 13.7551:20344.8 ± 13.12210.2 ± 7.36451:20316.4 ± 9.33524.0 ± 18.87251:10413.3 ± 9.63064.5 ± 15.68251:30533.9 ± 13.13253.8 ± 17.99251:20450.9 ± 15.53245.3 ± 14.810251:20464.7 ± 17.63214.7 ± 15.011251:20494.5 ± 13.23255.1 ± 19.612251:20411.4 ± 12.53272.9 ± 16.1[^1][^2][^3][^4][^5]

The regression model TPC (Eq. [(1)](#e0005){ref-type="disp-formula"}) was significant at 95% confidence level (F~regression~ 44.92 \> Ft~abulated~ 4.39) and able to explain 87% of variation between the observed and predicted values. According to the predictive model extraction yields (TPC) are favored by higher dilution of raw propolis in extracting solution and by the use of extraction time around the central point (25 min). The results of antioxidant capacity by ORAC method ranged to 2210.2 from 3524.0 μmol TEAC.g^−1^ sample. Eq. [(2)](#e0010){ref-type="disp-formula"} represent coded models for ORAC, with 86% of variation was explained by the adjusted model, and the F~regression~ 50.6 \> Ft~abulated~ 4, indicating that the model was valid and predictive.$$\text{Y}_{\text{TPC}} = 460.9 - 66.2\text{x}_{1}^{2} + 46.5\text{x}_{2}$$$$\text{Y}_{\text{TAA}} = 3208.4 + 347.5\text{x}_{1} - 185.81\text{x}_{1}^{2} + 1373.8x_{2}$$

Based on the predictive models and contour curves, that representing the adjusted models ([Fig. 1](#f0005){ref-type="fig"}), it was possible to identify the region that presented both higher amount of TPC (a) and antioxidant capacity by ORAC (b) to be applied in extraction process. Observing [Fig. 1](#f0005){ref-type="fig"}, it is possible to verify that the best results for these dependent variables were observed above 20 min and at 1:30 sample-to-solvent ratio (w/v). [@b0135] found values of Brazilian propolis's TPC ranging from 2.4 to 5.7 mg GAE.g^−1^ sample, using a time variation from 5 to 45 min. Their results were lower than our (316.4--533.9 mg GAE.g^−1^), using a similar extraction time. Considering the presence of wax in crude propolis samples (30--40%), conventional extraction process requires a long time under low temperatures (up to 12 h) to separate the wax fraction from raw sample prior to extract phenolics compounds, as performed by some authors ([@b0135], [@b0095]). [@b0140] observed how ultrasound acted on wax through microscopy and verified that the procedure enabled a redistribution of the sample wax, facilitating substrate accessibility. Due to its ability to break down and redistribute the particles, it is possible to infer that ultrasound enabled propolis waxy material mixes with the extract, avoiding the overnight step.Fig. 1Response surface plots of Total Phenolic Content (a) and antioxidant capacity by ORAC method (b) of green propolis extract affected by extraction time and propolis:solvent ratio.

Considering the time extraction, [@b0195], [@b0125] affirm that most of the phenolic compounds are broken down in the first 20 min of extraction and after that the ultrasound process can induce the degradation of these compounds in the sample. However, as it was observed in our work, the TPC content in extracts showed a small reduction only after 40 min.

From the experimental results of the first design, a second factorial design was applied setting time at 20 min and ranging propolis-to-solvent from 1:10 to 1:30 (w/v), as can be observed in [Table 2](#t0010){ref-type="table"}. Extraction time was kept at 20 min because expressive results of antioxidant capacity and total phenolic content was achieved, keeping the extraction time as low as possible, as we can observe on surfaces responses ([Fig. 1](#f0005){ref-type="fig"}). According to obtained results, TPC was strongly influenced by ethanol concentration in extracting solution. Data showed the positive effect of increasing ethanol concentration on both TPC and antioxidant capacity, even though using less sample amount. The analysis of variance (ANOVA) of the second design for total phenolic content (TPC), antioxidant capacity by ABTS and ORAC are presented in [Table 3](#t0015){ref-type="table"}. Adjusted models for all dependent variables presented calculated F value higher than tabulated values and great coefficient of determination (R^2^), which means they are valid and suitable for predicting purposes.Table 2Real values of the independent variables and observed responses to the second factorial design.Run[a](#tblfn5){ref-type="table-fn"}Independent variables (real values)ResponsesEthanol (%)Propolis-to-solvent ratio(w/v)[\*](#tblfn9){ref-type="table-fn"}Y~TPC~ (mg GAE.g^−1^)[b](#tblfn6){ref-type="table-fn"}Y~ORAC~ (µmol TEAC.g^−1^)[c](#tblfn7){ref-type="table-fn"}Y~ABTS~ (µmol TEAC.g^−1^)[d](#tblfn8){ref-type="table-fn"}114.41:24.3132.9 ± 0.75003.7 ± 163.52665.5 ± 13.7284.61:24.3646.5 ± 2.04925.6 ± 109.42901.9 ± 24.0314.41:45.6125.3 ± 1.03439.1 ± 2.21155.3 ± 8.1484.61:45.6651.0 ± 4.98107.4 ± 112.04689.0 ± 32.2501:3557.9 ± 1.321.3 ± 102.9408.6 ± 2.46991:351614.8 ± 28.213244.5 ± 62.813412.1 ± 49.4749.51:20278.6 ± 0.93551.8 ± 27.81219.3 ± 40.3849.51:50212.3 ± 0.52569.1 ± 177.41439.5 ± 3.4949.51:35719.4 ± 3.87605.7 ± 152.92417.4 ± 2.41049.51:35719.0 ± 1.97650.6 ± 110.92417.4 ± 7.31149.51:35719.0 ± 3.88464.1 ± 113.42574.0 ± 43.81249.51:35718.5 ± 3.86702.4 ± 76.82260.7 ± 55.60[^6][^7][^8][^9][^10][^11]Table 3Regression models, coefficient of determination (R^2^) and analysis of variance (ANOVA) (F~cal~ and F~tab~) of the estimated regression models for TPC, ABTS and ORAC for the second factorial design.Reparameterized Regression Model[\*](#tblfn10){ref-type="table-fn"}R^2^F~cal~F~tab~Sum of squaresDegree of freedomMean square***TPC***TPC = 719.42 + 405.52x~1~ + 20.86x~1~^2^ − 12.10x~2~ − 276.35x~2~^2^ + 3.02x~1~x~1~89%49.844.39Regression1.800.37451.800.374Residual216.636636.106Total2.051.72511  ***ABTS***ABTS = 1,728.68 + 2771.36x~1~ + 2108.40x~1~^2^70%21.624.26Regression90.615.769290.615.769Residual37.698.34094.188.704Total128.314.10911  ***ORAC***ORAC = 7323.20 + 2913.03x~1~ − 2080.33x~2~^2^ + 1186.60x~1~x~2~70%28.004.00Regression101.894.5163101.894.516Residual29.069.51083.633.689Total130.964.02611[^12]

The effect of the independent variables on the TPC, ABTS, and ORAC are shown in [Fig. 2](#f0010){ref-type="fig"}. The increase in TPC and antioxidant capacity (ABTS and ORAC) was observed with an increase in the ethanol concentration in extracting solution. The total phenolic content of our work, when compared to the results of [@b0015], was more than 8 times higher. It is important to note that these authors studied Brazilian propolis extracted by traditional methods, using agitation and heating. The minimum value found for the antioxidant capacity measured by ABTS method was 408.6 μmol TEAC.g^−1^, and the maximum value was 13412.1 μmol TEAC.g^−1^. [@b0145], analyzing the antioxidant capacity of propolis extracts from different locations prepared by maceration with 96% ethanol, obtained values ranging from 455.5 to 1091 μmol TEAC.g^−1^.Fig. 2Response surface plots of Total Phenolic Content (a) and antioxidant capacity by ABTS (b) and ORAC (c) methods of green propolis extract affected by ethanol concentration and propolis:solvent ratio.

Optimal conditions for recovering green propolis active compounds effectively using the ultrasound-assisted extraction were obtained by using 99% of ethanol solution and 1:35 propolis:solvent ratio (w/v), over 20 min. Under these conditions it was possible to obtain extracts with high antioxidant capacity without the use of the overnight step for wax separation, indicating the application of more than one experimental design were crucial to improve yield of antioxidant recovery from green propolis.

### 3.1.1. Identification and quantification of phenolic compounds in green propolis extract {#s0080}

The identified compounds in the green propolis extracted under optimal conditions were: caffeic acid, isomers of caffeoylquinic acid, p-coumaric acid, isomers of dicaffeoylquinic acid, hesperidin, tricaffeoylquinic acid, 3-prenylcinnamic acid (drupanine), artepillin C, and baccharin. Selected compounds, p*-*coumaric acid and artepillin C, were subject to quantification analysis and their standards presented retention times of 14.3 and 76.1 min, respectively. The major phenolic compound in green propolis extract obtained under optimized condition was the 4-hydroxy-3,5-diprenyl (artepillin C), at concentration of 807.6 ± 57.7 mg artepillin C.g^−1^ of sample. Concentration of p-coumaric was 45.6 ± 0.2 mg.g^--1^ of sample. The formation of these two substances occurs from the same compounds: the cinnamic acid and its derivatives ([@b0160], [@b0190]) and it can be a justification for the concomitant increase of both compounds in selected extract samples. [@b0045] observed that artepillin C and p-coumaric represented the majority in their analyzed sample too. The difference among studies about the concentrations of these types of compounds may be due to the geographic location and harvesting season ([@b0110], [@b0120]).

3.2. Application green propolis extract in oil emulsion and in vivo assay {#s0085}
-------------------------------------------------------------------------

### 3.2.1. Oxidation of oil emulsion {#s0090}

Antioxidants may act in a variety of ways on a model emulsion system, as reducing agents, which convert the hydroperoxides into stable compounds. However, the formation of hydroperoxides and secondary products during oxidation process can cause oxidative damage in the emulsion system ([@b0040], [@b0075]). Antioxidant effects of green propolis extract, BHA, BHT, and TBHQ are shown in [Table 4](#t0020){ref-type="table"}.Table 4Hydroperoxide content of soybean oil emulsions added of synthetic antioxidants (TBHQ, BHA, and BHT) and green propolis extract.TreatmentsHydroperoxides (mg/kg of oil)0 day3 days6 days9 daysControl7.5 ± 0.8^Ab^9.1 ± 0.72^Ab^25.7 ± 0.10^ABa^29.5 ± 0.38^ABCa^TBHQ10.7 ± 0.63^Aa^11.0 ± 0.08^Aa^12.5 ± 0.01^Ca^18.7 ± 0.14^Ca^BHA7.5 ± 0.11^Ac^16.4 ± 0.14^Abc^28.1 ± 0.08^Aa^33.5 ± 0.08^Aa^BHT6.5 ± 0.01^Ab^11.4 ± 0.01^Aa^12.9 ± 0.07^Cab^23.5 ± 0.01^ABCa^Green Propolis7.4 ± 0.10^Aa^19.4 ± 1.15^Aa^12.4 ± 0.05^Ca^16.7 ± 0.14^Ca^[^13]

There was no significantly difference among treatments from day 0 to day 3. It worth mention that at day 6, oxidation degree among TBHQ, BHT, and Green Propolis did not differ statistically from each other. However, these three mentioned treatments differed significantly from the Control and BHA treatments. On the ninth day of storage under accelerated conditions the hydroperoxide content of emulsions containing green propolis extract did not differ and presented similar results when compared to emulsions containing TBHQ, which was considered the most effective synthetic antioxidant in the study. Nevertheless, both TBHQ and Green Propolis differed significantly from the BHA treatment, which in turn had a higher hydroperoxide content than the control treatment. [@bib201] found similar results in their study, verifying that antioxidant BHA exceeded the peroxide values in soybean oil when compared to control sample after a few days of induced oxidation. It can be said that some factors may have influenced results of peroxide values, such as: oxygen concentration, interfacial rheological properties and particle size ([@b0200]).

### 3.2.2. In vivo assay with yeast cells {#s0095}

Although useful as preliminary tools, antioxidant capacity in vitro tests do not offer a good representation of physiological processes. Antioxidants perform a physiologically important activity and information obtained in vivo not only complements, but also are necessary to evaluate the effects and safety of these compounds.

The use of yeast *Saccharomyces cerevisiae* as a model microorganism to test the interaction of antioxidant activity or even the toxicity of several substances is highlighted not only by the similarity of this microorganism with higher eukaryotic organisms, but also by the ease and safety in handling, high reproducibility and low cost of analysis. Therefore, *S. cerevisiae* was used in this study to evaluate the interaction of the extracts with the cells by means of cell membrane analysis ([@b0100]). Flow cytometry is used frequently to collect quantitative information about specific cell in specific regions such as damage to DNA or membrane. This information can provide important data on cell stability when exposed to different reagents ([@b0085]).

In this study flow cytometry was used to evaluate the membrane integrity of *Saccharomyces cerevisiae* exposed for 4 h to green propolis dried extracts at different concentrations (0, 50, 100, and 200 mg.kg^−1^). The percentage of cells with the intact membrane observed for the control was 98.9% ± 1.1. For the green propolis dried extracts exposed cell, values were 99.5% ± 0.5; 98.6% ± 1.0; 98.5% ± 1.2 for the concentrations of 50, 100, and 200 mg.kg^−1^, respectively. Green propolis dried extracts did not change the cell membrane in an expressive way, being this a good indicator of the innocuity of these extracts, since the integrity of the membrane is directly linked to cell viability and its normal functions ([@b0090]).

To assess the antioxidants effect, the cell solutions were exposed for 4 h to the same concentrations of green propolis in the presence of *t*-BOOH (18 mM). The percentage of cells with intact membrane were 28.2 ± 0.3; 99.6% ± 1.5; 97.6% ± 1.3, and 98.4% ± 1.1 for the concentrations of 0, 50, 100, and 200 mg.kg^−1^, respectively. These results indicate that green propolis compounds were also to protect plasma membrane lipids from oxidation induced by *t*-BOOH.

4. Conclusion {#s0100}
=============

This study indicated the optimization of ultrasound-assisted extraction of antioxidant compounds from raw green propolis allowed a significant reduction in the extraction time, avoiding the overnight step normally applied for wax separation. Thus, the optimization of extraction process allowed an improvement on bioactive compounds recovery. Under optimized condition, the extracts were rich in artepillin C, which is considered the chemical marker for green propolis. Its extract showed a similar effect to TBHQ in oil-in-water emulsion during oven test, with the advantage of not being toxic to the *S. cerevisiae* cells. Besides this, dried extracts presented antioxidant effect in in vivo model, being a potential product to be applied in food systems.

Declaration of Competing Interest
=================================

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to influence the work reported in this paper.

Appendix A. Supplementary data {#s0110}
==============================

The following are the Supplementary data to this article:Supplementary data 1

Funding: This work was supported by São Paulo Research Foundation -- FAPESP (grant 2014/18227-4, and grant 2015/50437-1) and it was financed in part by the Coordenação de Aperfeiçoamento de Pessoal de Nível Superior -- Brazil -- CAPES (Finance Code 001). Authors thanks the Natucentro Indústria e Apiários Centro Oeste Ltda for samples and Dr. Thalita R. Augusto-Obara (University of Sao Paulo) for her help in the lab analysis.

Supplementary data to this article can be found online at <https://doi.org/10.1016/j.fochx.2019.100054>.

[^1]: The results were expressed as mean ± standard deviation.

[^2]: Tests performed in random order.

[^3]: Total Phenolic Content.

[^4]: Total Antioxidant Capacity

[^5]: All assays were performed with a total volume of 30 mL (Degree of hydration of the extractive solution: 65% ethanol).

[^6]: The results were expressed as mean ± standard deviation.

[^7]: Tests performed in random order.

[^8]: Total Phenolic Content.

[^9]: Total antioxidant capacity by ORAC.

[^10]: Total antioxidant capacity by ABTS.

[^11]: All assays were performed with a total volume of 30 mL and the extraction time was maintained in 20 min.

[^12]: Reparameterized models include regression coefficients statistically significant at p \< 0.05.

[^13]: Different capital letters in the columns and different lowercase letters in the lines differ significantly from each other by Tukey test (*p* \< 0.05).
